Introduction: Achilles tendon ruptures affect between 5.5 and 9.9 per 100,000 individuals each year [1]. The Achilles tendon operates at high dynamic loads at or near failure during activity, and fatigue induced damage is likely a contributing factor to ultimate tendon failure. Previous studies have shown that fatigue loading causes tissue stiffness to initially increase and then gradually decrease as sub-rupture damage accumulates, followed by a dramatic increase in peak deformation prior to failure ( Figure 1A ) [2]. Although studies have evaluated ex vivo tissue mechanics and structural properties during fatigue loading in healthy tendon, no study has investigated ex vivo fatigue mechanics and structure in healing tendon. Therefore, the objective of this study was to investigate the mechanical and structural properties of mouse Achilles tendon during fatigue loading following an acute injury and through healing. We hypothesized that injury would dramatically decrease tendon mechanical and structural properties during fatigue loading that would partially recover with healing.
Discussion: The purpose of this study was to characterize tendon mechanical and structural properties during fatigue loading following acute injury to the Achilles tendon. Despite an improvement in the number of cycles to failure with healing, the initial decrease in tangent stiffness, dynamic modulus, hysteresis, and damage with injury did not recover through 6 weeks of healing. Changes in structural properties throughout fatigue life were less pronounced than previous reports of increased disorganization with fatigue loading [6] . It is likely that larger changes in inferior tissue structure were localized to the injury site, and thus were not reflected in the whole tissue response. Potential regional changes will be investigated in future studies. Although the specific structural mechanisms leading to failure were not investigated in the current study, recent previous studies have suggested that repeated subrupture loading results in fibril denaturation events that form progressive fibril kinks and the accumulation of damage [7, 8] . Such changes have been shown to primarily occur early during repeated loading [7] , which was also observed in the current study. The strong relationship between birefringence and dynamic modulus throughout healing was the first to be reported in tendon, but was observed previously in sclera [9] . Linear regression results provide a framework for improved diagnostic targets to infer mechanical properties from imaged-based measures. Specifically, since the regressions between structure and mechanics were similar across all loads and throughout fatigue life, this study demonstrates that such relationships are robust and should continue to be investigated. Work is ongoing to investigate changes in tendon crimp as another potential metric of subrupture damage accumulation, and to develop a mathematical model [10] that can predict mechanical properties from structural properties throughout healing. Significance: This study reinforces the concept that fatigue loading is a sensitive metric to assess tendon healing. The structural parameters (Bapp and CSD) show promise as potentially translatable metrics to predict tendon dynamic modulus and hysteresis throughout healing and fatigue life.
